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The obvious dehydration of these emaciated infants on one hand and the poor results obtained with intravenous fluid therapy on the other hand suggested that there existed a severe disturbance of the distribution of body water rather than a simple deficiency in body fluids. Studies under the actual conditions of a war-torn and povertystricken country seemed therefore to be desirable.
METHODS AND MATERIAL

Clinical material
Twenty-three cases of severe marasmus in infancy and six cases of chronic malnutrition in older children were examined and 55 observations were made. Prior to being admitted to the Annunziata Hospital in Naples these infants had suffered generally from several attacks of gastro-intestinal disturbances, particularly diarrhea to me the laboratories of the Pediatric Clinic in Naples. 8 Surgeon/R/, U. S. Public Health Service. 4 Present address: Department of Physiology, University of Minnesota Medical School, Minneapolis 14. weight. With the coming of the colder season these diarrheal attacks ceased but the children failed to gain weight. Most of the time they suffered from anorexia and occasionally from vomiting. Many were afflicted with thrush, scabies, impetigo or bed sores. None of the children showed signs of nutritional edema. Their dietary regime consisted of milk mixtures or whole milk with the addition of flour. Their fluid intake was comparatively low since anorexia was prevalent and additional fluid in the form of tea was offered only occasionally.
After many weeks of failure to gain weight or continued weight loss, the majority of the children developed all the clinical signs of marasmus and died in a condition of extreme inanition or of intercurrent infections. In order to determine the degree of malnutrition the actual weight of the child was compared with the height and weight of standard American children (1) . Since these standard average values would produce a comparison with a hypothetical standard individual another method was also used which would allow a greater individualization. Therefore the "calculated weight" was established for all infants examined. This calculated weight (2) is based on the formula: chest circumference X height X spec. gravity. K The measurements of the chest circumference and the height are the only data required. Calculations are simplified by the use of a nomogram. Chest circumferences were measured at xiphoid level and at quiet expiration. Height was measured in prone or supine position. Body surface was determined from the same data by the use of the Du Bois formula (3).
Biochemical methods
For the determination of hemoglobin, hematocrit and plasma protein the specific gravity method was used (4). Albumin and globulin were determined with the method of Greenberg (5) . Non-protein nitrogen determinations were carried out with the method of Wong-Buell and Archibald (6) .
For the simultaneous determination of plasma volume and extracellular fluid space the method of Gregersen and Stewart (7) was adopted and modified for the Coleman Junior Clinical Spectrophotometer Model 6. For the children up to 6 kg., 1 mg. of the dye T-1824 was injected; for children from 6 to 20 kg., 3.3 mg.; and for older children above 20 kg., the usual dose for adults of 10 mg. was injected. To determine the extracellular fluid space a sterile solution of 10 per cent Na SCN was added to the dye in proportions not to exceed 20 mg. per 352 kg. of weight. For children up to 6 kg., 60 mg. Na SCN were injected; from 6 to 20 kg., 200 mg.; and for children above 20 kg., 400 mg. All intravenous injections and withdrawals of blood were made in the longitudinal sinus. No accidents or reactions were encountered.
For the determinations of sodium in the plasma the method of Butler and Tuthill (8) was used. For chloride in the plasma the method of Van Slyke and Sendroy (9) was employed. Table I shows all data used for the analysis of the encountered condition.
Material
Of the 23 infants examined 14 were males and nine were females. The age ranged from six weeks to two years and nine months. Only three infants were older than one year.
As noted above, all children suffered from chronic malnutrition. In 18 infants the cause of malnutrition for each child from the age, weight and height figures and to compare their average with the performance standard on the speed of development for babies of "average" advancement of the same age, then the projection from the auxodrome on the age scale results in a retardation of development of five and a half months.
Hematocrit and hemoglobin The results of hematocrit and hemoglobin determination (Table III) show that there is a decrease of 17.2 per cent in the hematocrit and of 16.1 per cent in the hemoglobin concentration as compared with normal values of hematocrit (11) and hemoglobin (12) for this age. This decrease in hemoglobin production became more marked when the value of the total circulating hemoglobin was derived from hemoglobin concentration and blood volume. Also the total circulating red cell mass was decreased. The ratio of total circulating hemoglobin to units of weight, height and body surface shows that in infants hemoglobin does not seem to be destroyed to a greater degree than other body tissue.
Plasma proteins Plasma protein concentration (Table IV) shows a decrease of 6.4 per cent if compared with normal values for this age (13) . If the total circulating plasma protein is calculated by multiplication with the plasma volume then the decrease amounts to 5.1 per cent. This is due to an increased plasma volume as can be shown also by the relation of total circulating plasma protein to the unit of body weight, height and surface. The determination of the albumin and globulin fractions (Table V) shows that the decrease in the plasma protein concentration is due entirely to the decrease in albumin concentration. The globulin fraction shows an increase which is equal to the reduction in the albumin fraction. Thus the albumin-globulin ratio is reduced to half of its normal value for this age group (13) .
The non-protein nitrogen was in normal ranges in all except two cases of extreme inanition in which it rose to levels of 41 and 49 mg. per cent.
Plasma and blood volume
The determination of plasma volumes (Table  VI) shows that the absolute value did not change significantly during severe malnutrition as compared with normal values of the same age group (14) . If the absolute value is related to the actual weight and to body surface, however, the plasma volume exceeds by far the normal values.
The absolute values for the blood volume (Table VII) Figure   3 . This correlation also indicates more the increasing divergence of hemoglobin and extracellular space with the progressive severity of malnutrition than actual evidence for the etiology of the expansion of extracellular fluid space. Plasma protein-disappearance rate of T-1824 In Marriott (17) observed that in many instances the food given to an infant is sufficient in calories but is either incompletely digested and absorbed or else is not completely utilized by the body after absorption.
Plasma proteins
Although there is a marked decrease in the concentration of hemoglobin and plasma protein in infantile marasmus the extremely low levels of blood proteins found in malnutrition and starvation in the adult are very rare (18) . In contrast to the starving adult (19) where the loss of hemoglobin is relatively much greater than the loss of other body tissue, the infant maintains its normal ratio of total circulating hemoglobin per unit of body weight and body surface. Only the ratio of total circulating hemoglobin to unit of body weight is reduced, a change which is also most marked in the adult.
Just as in the starving adult, the relative decrease in the total circulating plasma protein is less marked than that of the total circulating hemoglobin (19) . However, because of the excessively increased plasma volume the ratio of total circulating plasma protein per unit of body weight, height and surface becomes larger than in the normal child of the same age. Whereas in the starving adult plasma protein is not greatly reduced relative to other body tissue (19) , in the severely malnourished infant, the rapid growth impulse combined with the increased plasma volume results in an increased ratio of plasma protein to body measurements.
The reduction in total circulating plasma protein is entirely due to a marked decrease in the albumin fraction. This observation has been made in all studies on malnutrition. Because of the slight increase in the globulin fraction, the total circulating globulin per unit of body measurement is above normal.
The normal values for blood non-protein nitrogen confirm previous observations in infants, as well as renal function tests on cases of starvation at the German concentration camp Belsen (20) . Except in cases of gross edema, renal function has been found to be normal.
Blood volume Blood volume studies in infants are not made routinely because of the technical difficulties involved: There exists therefore a lack of extensive physiological studies on blood volume in all age groups using methods which are comparable. Table IX shows a tabulation of blood and plasma volume values for normal infants of the same age as the children investigated in the present study.
This survey of the literature shows that the Evans Blue and carbon-monoxide methods give comparable results, since in normal infants of about six months of age the values for blood and plasma volume are in better agreement than the ones obtained by the vital red method. Similar results with the Evans Blue and carbon-monoxide methods have also been obtained in the same normal subjects (25, 26) .
The interest in blood volume studies in malnourished infants is of long standing. Marriott and Perkins (27) , using the vital red method, found a slightly reduced blood volume in malnourished children. Higher values, however, were obtained in infants who might have been considered as convalescing from marasmus. Bakwin and Rivkin (22) In malnutrition the hydration of the extracellular fluid can be expected to be normal or slightly reduced if water deprivation is also present (31) , severely reduced if diarrhea is associated with it (32) and greatly enlarged, manifesting itself in nutritional edema, if ample fluid and salt intake are permitted (33) . The large increase in body water in malnourished infants has been observed 60 years ago by Ohlmuller (34) and has been measured with the thiocyanate method by Robinow and Hamilton (35) . The well-controlled studies on human volunteers by Keys and his co-workers (33) have shown that after 12 weeks of semistarvation the extracellular space as measured by the thiocyanate method may show an increase of over 40 per cent.
Edema
The infants studied in the present observations, whose fluid intake was low, did not show signs of edema. If intravenous fluid therapy had to be administered, however, the children developed edema very rapidly, proving that the inclination to edema in malnutrition can be made manifest if the means for edema are supplied.
In this connection an increase in capillary permeability which is suggested by the increase in the disappearance rate of the dye T-1824, assumes greater possible importance. Concerning the am plication of the blood volume method with Evans Blue this finding stresses the necessity of measurement of the disappearance rate of the dye whenever nutritional disturbances are present, and changes in the plasma albumin level are expected (36) .
Recently serious doubt has been cast on the role which hypoproteinemia may play in the production of edema (37 to 39). Our observations in marasmic infants tend to strengthen the belief that hypoproteinemia and edema in malnutrition (40 to 42) are two co-existent but not causative factors in malnutrition. The low rate of blood flow which in some instances has been found from 80 to 90 per cent less than normal (18) and the reduced oxygen saturation and content of the venous blood (43) , may prove to have a closer causative relation of nutritional edema than the low plasma protein concentration.
The treatment of the late stages of infantile marasmus is still unsatisfactory. The administration of intravenous fluid therapy in cases where food cannot be taken orally is contraindicated because plasma volume and extracellular fluid spaces tend to be high and more fluid and salt will lead only to the formation of edema. Blood transfusions are of temporary value only except in cases of severe edema (19, 44) . The observations reported here conform with the statement of Marriott (17)-that transfusions have a temporary value only unless the underlying cause of body destruction is found and remedied.
Liver biopsies in some of our cases failed to show any destructive lesions of the hepatic parenchyma.
Failure of absorption
Our experience with the oral administration of casein hydrolysates confirms rather the point of view that failure of absorption seems to be the essential lesion in the irreversible stages of starvation (45) . In the case of a completely emaciated 13-year-old girl, well-being and gain in weight could be achieved as long as blood transfusions and large amounts of casein hydrolysates and dextrose by mouth were administered. When casein hydrolysates were no longer available we had to change to milk mixtures which were not tolerated and caused irritation, diarrhea and death. The construction of a diet which would not only meet all the increased nutritional requirements in malnourished children but would also attempt to substitute the specific intracellular substances lost, as successfully employed with potassium chloride infusions in infantile diarrhea (46) In speed and direction of development, the marasmic infants of an average age of six months showed a retardation of five and a half months as measured by the Wetzel-Grid method.
2. The hematocrit and the hemoglobin concentration showed a decrease. The total circulat-ing hemoglobin was reduced. The ratios of total circulating hemoglobin to unit of body weight, height and surface indicate that in malnourished infants hemoglobin is not destroyed to a greater degree than other body tissue.
3. The concentration of plasma protein and the total circulating plasma protein were reduced. The relation of total circulating plasma protein to unit of body weight, height and surface showed a marked increase.
4. The concentration of albumin was reduced, whereas the concentration of globulin showed an increase, resulting in a low albumin-globulin ratio.
5. The non-protein nitrogen was within normal ranges.
6. The absolute values of plasma volume did not change significantly if compared with normal values of the same age group. When this value was related to the actual weight and body surface, the plasma volume was far in excess of normal and its increase was less if related to body length.
7. The absolute values of blood volume were reduced. The ratio of blood volume to unit body weight and surface showed an increase. No significant change occurred in the relation of blood volume to unit of body height.
8. The disappearance rate of the dye T-1824 from the blood stream was increased.
9. The absolute values of extracellular fluid space were reduced. The relation of extracellular fluid space to unit of body weight did not change significantly. The extracellular fluid space decreased if related to unit of body height and surface.
10. The ratios of total circulating blood proteins and body fluid volumes to calculated weight -a value derived from chest circumference and body height only-followed closely the respective ratios to body surface.
11. The concentrations of sodium and chloride in the plasma were slightly reduced.
12. There existed an inverse correlation between plasma protein and extracellular fluid space, between plasma protein and plasma volume, between hemoglobin and extracellular fluid space and between plasma protein concentration and the disappearance rate of the dye T-1824.
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